Introduction
The International Union of Microbiological Societies (IUMS) tasks the International Committee on Taxonomy of Viruses (ICTV) to make decisions on matters of virus classification and taxon nomenclature [4] . Statutes govern ICTV activities [7] . According to those, virus classification into taxa and taxon nomenclature are subject to rules (the Rules) set out in an international code (the Code). The most recent version of this International Code of Virus Classification and Nomenclature (ICVCN) is available in the latest, 9th, ICTV Report, which was published in 2011 [8] .
The ICVCN is organized in three major parts: Section 1 outlines the ''Statutory basis for the International Committee on Taxonomy of Viruses (ICTV)''. Section 2 describes the ''Principles of nomenclature''. Finally, section 3 outlines the ''Rules of Classification and Nomenclature'' [capitalization or lack thereof is identical to the headlines in the code] [8] .
In contrast to the International Code of Zoological Nomenclature Code (ICZN Code; http://www.iczn.org), the International Code of Nomenclature of Bacteria (ICNB; http://www.ncbi.nlm.nih.gov/books/NBK8817/), and the International Code of Nomenclature for Algae, Fungi, and Plants (ICNAFP; http://www.iapttaxon.org/nomen/main. php), the ICVCN is still short and much less elaborate. This article is the second of a series of manuscripts (first: [6] ) that outlines proposals and suggestions that could make the ICVCN a more precise instrument for virus taxonomy, while at the same time decreasing currently existing confusion among laboratory virologists regarding the use of the Rules put forth in the Code. In particular, this article addresses the ongoing confusion among laboratory virologists regarding the difference of taxa (concepts of the mind) and viruses (physical entities), an important difference that the ICTV and the Code maintains. The current Code addresses only the classification of viruses into taxa and the nomenclature of taxa, but not the nomenclature of viruses or their subclassification. Recently, an updated version of the Code was proposed and accepted by the ICTV Executive Committee (TaxoProp 2011.002a-uG.A.v8; http://www.talk.ictvonline.org/files/ proposals/taxonomy_proposals_general1/m/gen04/4418. aspx). This new Code does not address the specific problem of differentiating viruses from taxa systematically, but addresses other important issues. Since the ICTV Executive Committee-accepted new version of the Code has yet to be ratified (and because ratification is not guaranteed), proposals made here are in regard to both the valid current Code and the forthcoming new version that might supersede it.
Proposals for ICVNC text changes for improved differentiation of taxa and viruses

ICVCN Rule 3.3 states:
''The ICTV is not responsible for classification and nomenclature of virus taxa below the rank of species. The classification and naming of serotypes, genotypes, strains, variants and isolates of virus species is the responsibility of acknowledged international specialist groups'' [8] .
Rule 3.3 is arguably the most important rule of the Code, and also the Rule that causes the most confusion among laboratory virologists. According to this Rule, the ICTV is responsible only for the organization of orders, families, subfamilies, genera, and species (the taxon levels currently in use). Several manuscripts have been published outlining the difference between taxa, including species, and viruses [1-3, 5, 9-12] . The content of these very important contributions to virus taxonomy does not need to be repeated here. However, for the unfamiliar reader it is important to remember that taxa, such as species, are manmade concepts (ideas) and that viruses are actual physical entities -and that the ICTV currently maintains this distinction. Consequently, viruses are not taxa, but they are members of taxa. For instance, species are not viruses, but viruses are members of species. Understanding this distinction clarifies that ''serotypes, genotypes, strains, variants and isolates of virus species'' cannot exist, at least not if ''serotypes, genotypes, strains, variants and isolates of virus species'' are understood as groups of actual entities. Viruses are unfortunately not mentioned in Rule 3.3 at all. Furthermore, ''classification'' is the assignment of physical entities, viruses, to taxa, i.e., the ICTV is responsible for the classification of viruses. ''The universal virus classification system shall employ the hierarchical levels of Order, Family, Subfamily, Genus, and Species'' [8] could be changed to ''The universal virus classification system shall employ the hierarchical taxon levels of order, family, subfamily, genus, and species'' (insertion of the word ''taxon'' emphasizes the difference between viruses and taxa). ''Taxa will be established only when representative member viruses are sufficiently well characterized and described in the published literature so as to allow them to be identified unambiguously and the taxon to be distinguished from other, similar taxa'' [8] needs to be clarified. For one, it is unclear what ''sufficiently well characterized'' means and it is probably debatable what accounts for ''published literature'' (peerreviewed; indexed in PubMed?). Furthermore, since taxa are concepts, they cannot be ''identified unambiguously'' -only their members can be. The grammatical structure ''Taxa will be established only… so as to…and the taxon to be distinguished from other similar taxa'' is grammatically awkward. The ICTV could change the text of this Rule to:
''Taxa will be established only after ICTV Study Groups have judged representative potential member viruses to be characterized sufficiently to differentiate them from other viruses classified in already established taxa''.
Support for changing the text of Rule 3.9 ICVCN Rule 3.9, ''Existing names of taxa and viruses shall be retained whenever feasible'' [8] has already has been accepted by the ICTV Executive Committee to be changed to ''Existing names of taxa shall be retained whenever feasible'' (TaxoProp 2011.002a-uG.A.v8) (according to Rule 3.3, the ICTV is not responsible for the nomenclature of viruses).
Support for changing the text of Rule 3.10 ICVCN Rule 3.10, ''The rule of priority in naming taxa and viruses shall not be observed'' [8] has already has been accepted by the ICTV Executive Committee to be changed to ''The rule of priority in naming taxa shall not be observed'' (TaxoProp 2011.002a-uG.A.v8) (according to Rule 3.3, the ICTV is not responsible for the nomenclature of viruses).
Support for changing the text of Rule 3.13 ICVCN Rule 3.13, ''Subscripts, superscripts, hyphens, oblique bars and Greek letters may not be used in devising new names'' [8] has already has been accepted by the ICTV Executive Committee to be changed to ''New names shall be selected such that they, or parts of them, do not convey a meaning for the taxon which would either (1) seem to exclude viruses which lack the character described by the name but which are members of the taxon being named, or (2) seem to exclude viruses which are as yet undescribed but which might belong to the taxon being named, or (3) appear to include within the taxon viruses which are members of different taxa'' [8] .
could be changed to ''New taxon names shall be selected such that they, or parts of them, do not convey a meaning for the taxon which would either (1) seem to exclude viruses which lack the character described by the taxon name but which are members of the taxon being named, or (2) seem to exclude viruses which are as yet undescribed but which might belong to the taxon being named, or ''New names shall be chosen with due regard to national and/or local sensitivities. When names are universally used by virologists in published work, these or derivatives shall be the preferred basis for creating names, irrespective of national origin'' [8] .
could be changed to ''New taxon names shall be chosen with due regard to national and/or local sensitivities. When taxon names are universally used by virologists in published work, these or derivatives shall be the preferred basis for creating taxon names, irrespective of national origin''. This change would remove ambiguity regarding ''names''.
Proposal: To change the text of Rules 3.26, 3.29, 3.31, and 3.33 ICVCN Rule 3.26, ''A genus is a group of species sharing certain common characters'' [8] could be changed to ''A genus is a group of species whose members share certain common characters''; ICVCN Rule 3.29, ''A subfamily is a group of genera sharing certain common characters. The taxon shall be used only when it is needed to solve a complex hierarchical problem'' [8] could be changed to ''A subfamily is a group of genera whose members share certain common characters. A subfamily can include a single genus if this is necessary to solve a complex hierarchical problem''; ICVCN Rule 3.31, ''A family is a group of genera (whether or not these are organized into subfamilies) sharing certain common characters'' [8] could be changed to ''A family is a group of genera (whether or not these are organized into subfamilies) whose members share certain common characters. A family can include a single genus if this is necessary to solve a complex hierarchical problem''; ICVCN Rule 3.33, ''An order is a group of families sharing certain common characters'' [8] could be changed to ''An order is a group of families whose members share certain common characters. An order can include a single family if this is necessary to solve a complex hierarchical problem'';
(taxa, such as genera, subfamilies, families or orders, are concepts of the mind and do not have characters [1-3, 5, 9-12] . Taxa should be devised only when they are needed to solve a complex hierarchical problem -since that is the reason why taxa are created in the first place. Finally, pointing out that a higher taxon can include only a single lower taxon is necessary as otherwise the ICTV is in violation of its own Rules. For instance, the ICTV accepted the species White bream virus to be solely included into the genus Bafinivirus (i.e., the genus Bafinivirus is not, at this time, a ''group of species'') and the genus Arenavirus to be solely included into the family Arenaviridae (i.e., the family Arenaviridae is not, at this time, a ''group of genera''). Numerous other examples exist. It most likely would be easier for the ICTV to make the Code text changes suggested above than to abolish all single taxa included in higher rank taxa).
Suggestions for text changes to ICVCN comments for improved differentiation of taxa and viruses
The 9th ICTV Report contains comments below some of the ICVCN Rules to further elaborate on their correct interpretation. These comments often confuse, as the separation between taxa and viruses in the Code is not consistently applied. It is important to remember that these comments have been added to the Code but are not part of the Code, and that they have not been formally adopted. Changes to the Code require official proposals (which will be submitted once this article is in press), whereas changes to the comments do not, i.e. the changes below should be understood as suggestions rather than proposals.
The (lower taxa are included into higher taxa; the insertion of virus names emphasizes the difference between species and viruses).
The comment to ICVCN Rule 3.3:
''Particular virus isolates may be regarded as strains, variants, clusters or other subspecific entities that, together with other entities, constitute a species. Classification of such isolates is not the responsibility of the ICTV but is the responsibility of international specialty groups. It is the responsibility of ICTV Study Groups to decide if an isolate or a group of isolates should constitute a species. Deciding the names of serotypes, genotypes, strains, variants or isolates of virus species is not the responsibility of the ICTV. However, it is recommended that new names not be the same as, or closely similar to, names already in use (Rule 3.14 for taxa). When a particular virus isolate is designated to represent a species, the decision as to which name will be adopted for the species for formal taxonomic purposes will be the responsibility of the ICTV, usually based on recommendations of a particular Study Group working on behalf of the ICTV. The Study Group will be expected to consult widely so as to ensure the acceptability of names, subject to the Rules in the Code. The policy of the ICTV is that as far as is possible, decisions on questions of taxonomy and nomenclature should reflect the majority view of the appropriate virological constituency'' could be changed to ''Particular virus isolates may be regarded as strains, variants, clusters or other subspecific entities of a virus that is considered a member of a species. Classification of such isolates is not the responsibility of the ICTV but is the responsibility of international specialty groups, such as the ICTV Study Groups. It is the responsibility of ICTV Study Groups to decide if a virus and its isolates should be members of a species. Deciding the names of viruses and their serotypes, genotypes, strains, variants or isolates is not the responsibility of the ICTV. However, it is recommended that new taxon names (in italics) are not identical in spelling to the names of their virus members (not in italics) or closely similar to names already in use for other viruses or taxa. When a particular virus isolate is designated a member of a species, the decision as to which name will be adopted for the species for formal taxonomic purposes will be the responsibility of the ICTV, usually based on recommendations of a particular Study Group working on behalf of the ICTV. The Study Group will be expected to consult widely so as to ensure the acceptability of taxon names, subject to the Rules in the Code'' (the last sentence ''The policy of the ICTV is that as far as is possible, decisions on questions of taxonomy and nomenclature should reflect the majority view of the (recombination or reassortment occurs among variants and strains of a virus. Strains are always variants, but variants are not necessarily strains, i.e., replacing the word ''strain'' with ''variant'' broadens the comment. Taxa are concepts, viruses and their isolates, variants, and strains are physical entities. ''Naturally occurring isolates of a virus that have genomes formed from parts of the genomes of different variants of that virus, evolved either by recombination between genome nucleic acids or by re-assortment of separate genome parts, will be classified either as species…'' is therefore wrong. Isolates will be classified as instances of a virus and that virus is already assigned to a species. If not, then the isolates may require the establishment of a new species).
The comment to ICVCN Rule 3.6, ''A species can be classified as an unassigned member of a family when no genus has been devised. For example, Suid herpesvirus 2 is a herpesvirus of vertebrates but is not a member of any of the currently recognized genera in the family Herpesviridae. Likewise, Groundnut rosette assistor virus resembles viruses in the family Luteoviridae but is not classified in any of the genera in that family. These viruses are each classified as an unassigned member of their respective families'' could be changed to ''A species in a family when no genus has been devised. For example, the species Suid herpesvirus 2 is a herpesvirus species whose members infect vertebrates but is not included into any of the currently recognized genera in the family Herpesviridae. Likewise, the member of the species Groundnut rosette assistor virus, groundnut rosette assistor virus, resembles virus members of the family Luteoviridae but is not classified in any of the genera in that family. These virus species whose members infect vertebrates are each classified as unassigned members of their respective families'' (taxa are not physical entities. Suid herpesvirus 2 is the name of a species. Suid herpesvirus 2 is the name of the virus member of that species. Therefore, the sentence ''Suid herpesvirus 2 is a herpesvirus'' is wrong. Likewise, ''Groundnut rosette assistor virus'' is a species and can therefore not ''resemble'' a virus. Lower rank taxa are not members of higher rank taxa, but they are included in higher-ranking taxa).
The comment to ICVCN Rule 3.7, ''…Proposal 1. Approve Beta gamma virus as a species containing strains known as ''beta gamma virus'' and ''alpha beta virus''. Proposal 2. Create a genus to contain species resembling Beta gamma virus. Proposal 7. Assign species X, Y and Z to the genus Betavirus (such a proposal should include a listing of the parameters for discriminating members of the different species in the genus Betavirus)''.
-Spelling a species name the same way as one of its member viruses (e.g. creating a species Beta gamma virus for its member beta gamma virus) or spelling a genus name using the same word stem as used for a higher taxon (e.g. creating a genus name Betavirus and family name Betaviridae) is ill-advised as it may lead to confusion of taxa and virus members (if italicization rules are not followed diligently) or of members of one taxon with those of another (the members of both the genus Betavirus and the family Betaviridae would be called betaviruses), which is a violation of ICVCN Rules 2.1(ii), 3.14, 3.22, 3.23, and 3.24. Since sigla are explicitly allowed by the Code (ICVCN Rule 3.15), devising a new species name, such as Begavirus (for Beta gamma), or a new family name, such as Begamaviridae (for Beta gamma), is simple and straightforward -The ICTV is not responsible for the nomenclature of viruses. There is currently no approval process for virus names. Consequently, novel virus names do not need to be placed in quotation marks even in the absence of established taxa for the novel viruses -Species are not physical entities. They therefore cannot resemble anything. -Species names are taxon names, and taxa names are to be italicized (''X, Y and Z'').
The comment to ICVCN Rule 3.8, ''A valid name is one that has been published, one that is associated with descriptive material, and one that is acceptable in that it conforms to the Rules in the Code. Accepted names will be kept in an ''Index'' by the ICTV'' could be changed to ''A valid taxon name is one that has been published, one that is associated with descriptive material, and one that is acceptable in that it conforms to the Rules in the Code. Accepted taxon names will be kept in an ''Index'' by the ICTV''
(this change will clarify that only taxon naming is addressed).
The comment to ICVCN Rule 3.9, ''A stable nomenclature is one of the principal aims of taxonomy and therefore changes to names that have been accepted will only be considered in exceptional circumstances, and then only because of serious conflict with the Rules'' could be changed to ''A stable nomenclature is one of the principal aims of taxonomy and therefore changes to names that have been accepted will only be considered when they are either in conflict with the ICVCN Rules or when the name change results in the removal of ambiguities or relieves confusion''
(taxonomy is always in flux, therefore always requiring name changes. These changes should be kept to a minimum if possible, but at the same time it should be easy for a Study Group to change the name of a taxon if, for example, it is not adopted by the larger virologist community.
The (laboratory virologists primarily work, describe, and search for viruses and rarely need to use taxon names. Changing existing taxon names to adhere more closely to recommendations of the ICVCN would not be problematic as long as the virus names would remain constant).
The comment to ICVCN Rule 3.14,
The ICVCN: proposal for text changes for improved differentiation of viral taxa and viruses''The name selected for a new taxon should not sound indistinguishable from the name of another taxon at any rank or from any taxon. For example, the existence of the genus Iridovirus means that forms of new name such as ''irodovirus'' or ''iridivirus'' are unacceptable as they are too easily confused with an approved name. Confusion can also be between species and genus names as both end in ''virus''. Thus, for example, the name selected for a genus typified by a species ''Omega virus'' would not be named ''Omegavirus'' because species and genus would then be too readily confused'' could be changed to ''The name selected for a new taxon should not sound indistinguishable from the name of another taxon at any rank or from any taxon. For example, the existence of the genus Iridovirus means that forms of new name such as ''Irodovirus'' or ''Iridivirus'' would be unacceptable as they are too easily confused with an approved name. Species and genus names can also be easily confused as both end in ''virus''. Thus, for example, the name selected for a genus typified by a species ''Omega virus'' should not be named ''Omegavirus'' because species and genus would then be too readily confused''
(taxa names are to be italicized according to the Rules). The comment to ICVCN Rule 3.23, ''Species names normally comprise more than one word. The styles used when virus names are devised differ according to the traditions of the particular fields of virology. For example, plant virus names are usually constructed as host ? symptom ? ''virus'' (e.g. tobacco necrosis virus) whereas, in contrast, viruses in the family Bunyaviridae are usually named after the location at which the virus was found ? ''virus'' (e.g. Bunyamwera virus).
could be deleted, as this comment is most likely in regard to the creation of virus names, which does not fall under the purview of the ICTV. Alternatively, the comment could be changed to ''Species names normally comprise more than one word (''xyz'' ? ''virus'', e.g. Bunyamwera virus)''. (taxon names cannot be used informally and ''adjectival forms'' do not refer to taxa but to their members).
Comment placement
Comment ''Ratified changes will be published in Virology Division News in Archives of Virology, and in subsequent ICTV Reports'', currently placed below ICVCN Rule 1.3, could be moved below Rule 1.2(iii) (''The Statutes define the objectives of the ICTV. These are:…to communicate taxonomic decisions to the international community of virologists''). currently placed under ICVCN Rule 2.5 could be deleted.
